tendon-to-bone fi xation using hamstring tendon graft s allows for less fixation strength when compared to bone-to-bone fixation using bone-patellar tendon-bone grafts and is not conducive to early rehabilitation as revealed by an animal study, where complete union was obtained ≥24 weeks aft er ACL [5] [6] [7] . Th erefore, secure graft fi xation appears to be crucial for early weight-bearing and aggressive rehabilitation after ACL reconstruction using hamstring tendon graft s.
. Th erefore, secure graft fi xation appears to be crucial for early weight-bearing and aggressive rehabilitation after ACL reconstruction using hamstring tendon graft s.
Currently, a variety of methods for femoral fi xation of tendon grafts have been introduced and employed in clinical settings. Biomechanical advantages and disadvantages of individual methods have been well documented in previous studies and new fixation methods are continuously being suggested. Expansion fixation that is based on press-fit fixation of a graft into the femoral tunnel by employing ≥1 cross pin has been reported to render satisfying results in biomechanical and clinical studies 8) . Cancellous suspension fixation allows the least elongation and accordingly provides the greatest fixation strength and stability amongst various available methods and has the lowest cyclic amplitude 9) . In this study, we compared ≥1-year short-term clinical results of ACL Reconstruction with Autologous Hamstring Tendon: Comparison of Short Term Clinical Results between Rigid-fi x and PINN-ACL Cross Pin
Introduction
In anterior cruciate ligament (ACL) reconstruction, hamstring tendon grafts are replacing the popular bone-patellar tendonbone grafts that have been associated with femorotibial joint pain, loss of extension, and patellar tendon rupture [1] [2] [3] [4] . However, 
Materials and Methods

Materials
Arthroscopic ACL reconstruction using an autologous quadrupled hamstring tendon graft was performed with Rigid-fi x in 87 patients between January 2006 and December 2007 and with PINN ACL Cross Pin in 64 patients between January 2008 and February 2010 at our institution. Of them, 71 patients in whom Rigid-fi x was used (group I) and 56 patients in whom PINN ACL Cross Pin was used (group II) were enrolled in this study. The minimum follow-up period was 1 year.
Combined Injury
The most common combined injury was a meniscus tear (37 cases in group I and 36 cases in group II) followed by medial collateral ligament injury (21 cases in group I and 23 cases in group II) and chondromalacia (36 cases in group I and 29 cases in group II). For the meniscus tears, suture repair and partial menisectomy were performed in 24 cases and 13 cases, respectively, in group I and in 21 cases and 15 cases, respectively, in group II. For the medial collateral ligament injuries, full range of motion was obtained with conservative treatment before ACL reconstruction. Regarding the chondral lesions, patients with minor chondromalacia that could be treated with debridement were included in this study and severe cases that required surgical treatment were excluded.
Surgical Technique
Transtibial single-bundle ACL reconstruction was performed in all the patients. For the Rigid-fi x system, a 3.3-mm cross-pin was passed through the tendon graft in the femoral tunnel and fi xed to the femur. For tibial fi xation, the graft was fi xed by employing Intrafix (Mitek, Norwood, MA, USA) within the tibial tunnel under a tension of 9.07 kg (20 pounds) with the knee at 20 o of flexion. Subsequently, post-tie fixation was additionally done using a 4.0 mm Arbeitsgemeinschaft für Osteosynthesefragen (AO) cortical screw in the cortical bone of the anteromedial aspect of the proximal tibia.
For the PINN-ACL Cross Pin system, the quadrupled tendon graft was passed through the graft harness and the terminals were tied together. The graft harness was inserted into the femoral tunnel and an arthroscope was advanced through the transverse tunnel to make sure that the eyelet of the graft harness was at the center of the transverse tunnel. Next, a cross-pin was laterally inserted to pass through the eyelet of the graft harness and the head of the cross-pin was fi xed to the surface of the cortical bone of the lateral condyle of the femur. For tibial fi xation, tension of 80 N was maintained on the graft using SE graft tensioner with the knee at 20 o of flexion. Intrafix and a 4.0 mm AO cortical screw were used to complete the fi xation in the tibial tunnel.
Rehabilitation
From the fi rst postoperative day, patients began 0 o -30 o of fl exion exercises using a continuous passive motion machine and partial weight-bearing with a crutch and a knee brace was permitted. The range of motion was gradually increased from the 3rd postoperative week to ≥90 o of flexion at the 6th postoperative week and ambulation without an assistive device was permitted.
From the 12th postoperative week, patients were allowed to resume light activities of daily living. From the 6th postoperative month, light sports activities including jogging, swimming, and cycling were permitted. Return to previous sport activities or contact sports were allowed after 10 months of surgery when the muscle strength and proprioception were restored. The rehabilitation program was identical for all the patients with meniscal repair. 
Clinical and Radiological Assessments
Results
The mean age of the patients was 31.7 years (range, 18 to 46 years) in group I and 32.5 years (range, 19 to 44 years) in group II. Th e male-to-female ratio was 57/14 in group I and 39/17 in group II. The mean follow-up period was 22.7 months (range, 12 to 37 months) in group I and 14.5 months (range, 12 to 25 months) in group II. Th e cause of injury was sports injury in 58, traffi c accident in 9, and activities of daily living in 4 patients in group I and sports injury in 41, traffi c accident in 10, and other causes in 5 patients in group II ( Table 1 ).
The mean operation time was significantly different between the two groups with 58 minutes in group I (Rigid-fi x group) and 69 minutes in group II (PINN ACL Cross Pin group) (p=0.038). The mean IKDC subjective score increased from 72.2±11.9 preoperatively to 94.1±6.8 at the last follow-up in group I (p=0.036) and from 69.3±8.9 preoperatively to 87±12.3 at the last follow-up in group II (p=0.028), showing no statistically significant difference between the two groups. There was an improvement in the mean Lysholm score from 56.2±7.9 preoperatively to 95.4±6.8 at the last follow-up in group I (p=0.0231) and from 64.6±11.9 preoperatively to 91.2±12.1 at the last follow-up in group II, but no signifi cant diff erence was noted between the two groups. The mean laxity assessed using a KT-1000 arthrometer improved from 6.39±2.9 mm preoperatively to 3.03±1.6 mm at the last follow-up in group I (p=0.025) and from 6.68±3.3 mm preoperatively to 2.39±1.9 mm at the last follow-up, but no statistically signifi cant diff erence between the two groups was observed. Also, improvement was observed in the mean side-to-side diff erence in anterior translation measured by Telos stress radiography from 7.65±2.0 mm preoperatively to 3.09±1.3 mm at the last follow-up in group I (p=0.015) and from 8.03±3.1 mm preoperatively to 2.55±1.9 mm at the last followup in group II (p=0.031); but no signifi cant diff erence between the two groups was observed. Regarding the pivot shift test, there was an improvement in the integrity of the ACL in both the groups, but no signifi cant diff erence was noted between the groups: there were 5 cases of grade I, 45 cases of grade II, and 21 cases of grade III preoperatively and 49 cases of grade 0, 16 cases of grade I, and 6 cases of grade II at the last follow-up in group I (p=0.013); whereas there were 6 cases of grade I, 37 cases of grade II, and 13 cases of grade III preoperatively and 38 cases of grade 0, 12 cases of grade I, and 6 cases of grade II at the last followup in group II. A statistically significant difference between the groups was observed in the one-leg hop test with group I showing greater improvements than group II: there were 7 cases Table 2) . Regarding the complications, the incidence of cross pin-femoral tunnel mismatch was higher in group II, with 4 cases in group I and 36 cases in group II (p=0.017). Soft tissue irritation from cross pin head prominence was observed in 1 case in group I and 4 cases in group II, which further improved 2 months later in all the cases. No other complications including infection, fixation device failure, and fracture of the lateral femoral condyle were observed.
Discussion
Th e fi xation mechanisms for femoral fi xation of tendon graft s were classified by Milano et al. 8) into compression, expansion, and suspension and the last one was subdivided into cortical suspension, cancellous suspension, and cortico-cancellous suspension. Cortical suspension fixation has been associated with biomechanical instability including bungee cord effect 10) and Windshield wiper eff ect 11) . Compression fi xation mechanism has a relatively low failure load and stability 12, 13) . Expansion fixation mechanism can be advantageous in obtaining secure fixation because two cross pins inserted transversely through a graft provides a centrifugal pressure on the femoral tunnel, but treatment results depend on the press-fit of the graft, bone density around the femoral tunnel, and correct placement of the cross pins through the graft tendon [13] [14] [15] . In contrast, cancellous suspension off ers secure fi xation, stability, and stiff ness because the length of the graft in the femoral tunnel is short with use of transverse fi xation pins that can be inserted into the femoral metaphysis. Speirs et al. 9) reported the biomechanical superiority of the cancellous suspension fi xation mechanism with respect to total creep, stability, and failure load. Accordingly, we attempted to assess the advantages and disadvantages of the PINN-ACL Cross Pin device, one of the devices used for cancellous suspension fixation by comparing it with the conventional Rigid-fix device. The clinical and radiological results of ACL reconstructions including early weight-bearing and rehabilitation were satisfying in both, group I (Rigid-fix group) and group II (PINN-ACL Cross Pin group). No significant difference could be observed between the groups except for the one-leg hop test. However, considering that greater clinical improvements were seen in group I, where the mean follow-up period was longer (group I: 22.7 months and group II: 14.5 months), a long-term follow-up study should be carried out for the better assessment of the effi cacy of PINN-ACL Cross Pin device. Th e incidence of cross pin-femoral tunnel mismatch was higher in group II with 36 cases. In our opinion, this was because the cross pin did not passed through the eyelet of the graft harness sliding in the femoral tunnel during cross pin drilling (Fig. 1) . To prevent this, we tried to firmly fix the drill guide sheath to the femur or created a short femoral tunnel (30-35 mm) to perform drilling at almost perpendicular direction to the cortical bone. Soft tissue irritation from cross pin head prominence was observed in 4 cases. We hypothesize that this can be prevented by inserting cross pin heads more deeply or developing a smaller cross pin head.
Conclusions
In ACL reconstruction, Rigid-fi x, a conventional fi xation device, and PINN ACL Cross Pin, a recently introduced device, did not produce significantly different clinical and radiological results. However, the latter resulted in higher incidence of complications including, cross pin-tunnel mismatch and required longer operation time. Th erefore, we consider that further improvements in the device or surgical technique should be carried out. The limitations of this study include the short-term follow-up period and use of different tibial fixation methods between the two groups.
